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U. Resch-Esser, TU Berlin 
I Berlin, host of this year's European Workshop on Metal-Organic Vapour Phase Epitaxy (EW MOVPE 
VII), is a city which has developed into one of the 'centres of excellence' in the field of MOVPE. An 
overview of MOVPE activities and related issues in the German capital - from basic growth studies to 
research and development of devices - is presented here. 
M ost of the MOVPE activ- 
ities are performed at four 
locations: the Institut fiir 
Festk6rperphysik (IFP) of the Tech- 
nische Universit~it Berlin (TUB); the 
Heinrich-Hertz-Institut fiir Nachrich- 
tentechnik Berlin GmbH (HHI); and 
the Ferdinand-Braun-Institut fiir 
H6chstfrequenztechnik (FBH). These 
three institutions, together with the 
Interdisziplinfirer Forschungsverbund 
Optoelektronik, a research association 
initiated and sponsored by the Senate 
of Berlin, jointly organized the 
EW MOVPE VII. Recently in connec- 
t ion with photovoltaic devices 
MOVPE research as also started at 
the Hahn-Meitner-Institut Berlin 
OmbH (HMI). 
Basic research in 
MOVPE 
Basic research is done at the TUB in 
the groups of Bimberg and Richter in 
order to gain an understanding of 
growth mechanisms in MOVPE. 
The activities of Bimberg's group 
concentrate on the growth of struc- 
tured layers and the fabrication of op- 
toelectronic device prototypes. In an 
AIX 200 reactor quantum wells, wires, 
and dots of binary and ternary III-V 
compounds are grown. Post-growth 
analysis of the electronic and crystal- 
line properties of the structures i  car- 
ried out by X-ray luminescence 
techniques and calorimetry. One of 
the main merits of the group is the de- 
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Figure 1. RAS-spectrum, STM-image, and structure mode/of a (2 x 4) reconstructed GaAs(lO0) surface. Arsenic-dimer formation leads to an 
anisotropic surface and gives rise to differences in the reflectance along the [110] and [-110] axis, i.e. a RAS signal. 
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up to a sensitivity and spacial resolu- 
tion suitable for the investigation of 
single quantum dots. 
The main scope of the Richter 
group is the combination of optical 
analysis methods  with MOVPE,  
which allows in situ growth studies. Re- 
flectance anisotropy spectroscopy 
(RAS), spectroscopic ellipsometry, 
and elastic light scattering are domi- 
nantly employed. Detecting the differ- 
ence in reflectance for light polarized 
along two perpendicular crystal orien- 
tations RAS turns out to be highly sur- 
face sensitive for cubic materials 
whereas pectroscopic ellipsometry 
gathers information from the entire 
light penetration depth [1]. 
By comparison of RAS spectra ta- 
ken in the MOVPE reactor with those 
measured in MBE a correlation with 
surface reconstructions a observed 
by RHEED or LEED has become 
possible. Tight binding calculations 
of the surface anisotropy shed light 
on the correlation between atomic sur- 
face stochiometry and structure and 
the shape of the RAS-spectra (Figure 
1) [2]. Ellipsometry determines the di- 
electric functions, necessary to con- 
ver t  the an isot rop ic  sur face  
reflectance into the anisotropic dielec- 
tric function. It also reveals the until 
now largely unknown dependence of
the dielectric functions on stochiome- 
try and temperature. This knowledge 
has been put recently into use for 
closed loop control of composition of 
the growing compound. Growth rates 
have been determined with monolayer 
resolution by counting monolayer- 
correlated oscillations in the RAS or 
ellipsometry signal [3]. The disappear- 
ance of RAS oscillations was corre- 
lated to the change in growth mode 
from island to step flow growth. Addi- 
tional techniques providing high spa- 
tial resolution like SEM, AFM and 
SNOM are at hand to verify and to 
complement the results derived from 
the optical spectroscopies. 
Based on the experimental set-ups 
at the TUB, Sentech Instruments 
GmbH has developed a commercial 
RAS-system (Figure 2) which is being 
used at the FBH to study device-re- 
lated issues like exchange reactions at 
hetero-interfaces, control of doping 
Figure 2. SENTECH-RAS at one of the MOVPE-reactors of 
the FBH. 
and GalnAsP composition in depen- 
dence on growth parameters. Close 
collaboration between the three part- 
ners thus brings a valuable research 
tool into a production environment 
where it allows for improved process 
control and shorter development cy- 
cles. 
Self organized growth of low 
dimensional structures 
In the case of a lattice mismatch, 
Stranski-Krastanov growth may take 
place: above a critical layer thickness, 
induced by strain relaxation, islands 
are formed. Depending on growth 
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Figure 3. Schernatical drawing of a transceiver chip, 
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quantum dots, are obtained with a size 
that cannot be structurized by stan- 
dard methods uch as lithography. 
This kind of structured layers may en- 
able the creation of new photonic and 
electronic devices. The objective of the 
actual research isto 'produce'such dots 
in uniform size and significant density 
by MOVPE as well as MBE. 
Theoretical calculations carried 
out in the group of Bimberg together 
with scientists from St Petersburg pre- 
dicted the formation of uniform is- 
lands with the shape of a pyramid, all 
oriented along the same axis of the 
substrate crystal. These predictions 
have been confirmed by experiment. 
However, the island formation is 
strongly influenced by the choice of 
process parameters. RAS and ellipso- 
metry can monitor the growth pro- 
cesses, i.e. the growth of the wetting 
layer, the onset of strain relaxation, 
and also the formation of larger clus- 
ters. It was shown that the final shape 
of the islands is achieved much faster 
for MOVPE than for MBE growth. 
Recently a MOVPE grown InAs 
quantum dot laser was realized for 
the first time. Figure 3 shows lumines- 
cence spectra of a laser diode, contain- 
ing three stacked layers of InAs dots 
[4]. The quantum dot laser diode al- 
lows continuous wave (CW) operation 
at 300K. MOVPE grown quantum dot 
lasers nowadays show comparable and 
even better gain in performance than 
those made by MBE. 
II-Vl MOVPE 
The IFP is also involved in research 
about MOVPE growth of II-VI layers. 
A MOVPE apparatus (Epiquip) was 
installed for growth of Cd(Zn)S on 
Zn(Mg)S/GaP. In silu investigation of 
Stranski-Krastanov growth by RAS 
will be performed in order to gain in- 
sight into basic growth processes and 
to optimize the parameters for the 
growth of quantum structures. 
From research to 
applications 
Development and production of de- 
vices based on MOVPE grown struc- 
tures is carried out at HHI and FBH. 
HHI  pursues R&D in Broadband 
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F~ cure 4. Room temperature electroluminescence and photolumt- 
nescence spectra of a triple stacked quantum dot laser. Threshold 
current densities as low as 21.4 A/cm 2 at lOOK and 220 A/cm 3 at 
293K have been obtained so far. 
Communicat ion Networks and in 
Electronic Imaging Technology for 
Multimedia. A large amount of activ- 
ities is devoted to the development of
components for photonic networks, 
with emphasis on InP technology. 
Here more than 50 people are involved 
rendering HHI one of the largest non- 
industrial R&D centres worldwide in 
this area. Almost all this work has been 
carried out under national and Eur- 
opean joint projects ensuring close 
collaboration with the telecommuni- 
cation industry. The institute aims to 
increase its engagement in direct 
R&D contracts with companies to de- 
velop customer specified optoelectro- 
nic components. In addition, small 
scale production of special high end 
devices is under preparation, includ- 
ing the supply of specific epitaxial ma- 
terial on InP. 
A couple of advanced iscrete de- 
vices such as self-pulsating transmit- 
ters based on DFB-lasers,  laser/ 
modulator  transmitters and fast 
photodiodes have been developed in 
the past. However, special emphasis 
has always been laid on monolithic in- 
tegration of different functional ele- 
ments. In 1994 a heterodyne r ceiver 
optoelectronic integrated circuit 
(OEIC) was accomplished, containing 
17 elements within seven different 
classes of optical, optoelectronic and 
electronic functions [5]. It represents 
the most complex InP based opto-chip 
ever made worldwide. As many as six 
MOVPE steps are required in the fab- 
rication of this device. 
Several different OEIC prototypes 
have been developed, including an op- 
tical ram-wave generator for use in 
mobile communication systems, a
semiconductor optical amplifier- 
based add/drop switch for a 20 Gb/s 
optical time division multiplex sys- 
tem, and an optical receiver with 30 
GHz bandwith. 
A key candidate for mass applica- 
tion in the access network will be the 
tranceiver OEIC sketched in Figure 4. 
It combines a laser transmitter, a recei- 
ver and a waveguide filter for the se- 
paration of the down- and upstream 
wavelengths (1.5 ~tm and 1.3 gm, re- 
spectively) and will master the difficult 
issue of crosstalk. 
At HHI four Aixtron systems are in 
operation for growth of InGaAsP and 
InGaA1As based layer structures, in- 
cluding Fe doping, strained layer 
MQWs, regrowth of DFB gratings 
and other patterned surfaces, and se- 
lected area growth [6]. A l though 
MOVPE remains the workhorse, 
MBE and MOMBE are also in use to 
resolve specific problems encountered 
in OEIC fabrication (e.g. selective 
growth) [7]. 
The FBH, founded in 1992, is the 
youngest of the research institutes in 
Ber l in  work ing  in the f ie ld o f  
MOVPE. Research activities are cen- 
tered around GaAs based devices and 
circuits. In the field ofoptoelectronics 
high power is the key word. Laser 
diodes for pumping of fibre amplifiers 
and solid state lasers or for the genera- 
tion of high optical output power are 
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the focus of the research. Here the en- 
tire chain from device &s ign and 
modelling as well as layer growth and 
processing to special assembly tech- 
nologies like flip-chip mounting or la- 
ser micro-welding is being worked on. 
Characterisation f the devices also in- 
cludes life time testing to optimize the 
reliability of the laser diodes. 
Lasers with a wavelength of 980 
nm have been developed and opti- 
mized towards low degradation rates 
for pumping of Er-doped fibre ampli- 
fiers. At 100 mW lifetimes longer than 
10 000 hours are achieved with A1- 
GaAs/ InGaAs structures. The de- 
mand for higher output power of up 
to 300 mW requires ahigh facet stabi- 
lity. To achieve this goal GaInP is used 
for the inner waveguide of the lasers. 
Although the approach to combine 
A1GaAs with Ga InP  is relatively 
young and needs further optimiza- 
tion, the first results prove its poten- 
tial. 
For pumping of solid state lasers 
even higher output powers are neces- 
sary, but without he requirement of a 
single mode beam. The FBH is work- 
ing on broad-area (BA) lasers and laser 
bars in the wavelength region of 800- 
1050 nm. For wavelengths above 900 
nm the usual A1GaAs/InGaAs as well 
as Al-free Ga lnP /Ga InAsP /GaAs  
layers are fabricated. With respect o 
output power both material systems 
reach similar values of more than 3 W 
CW from a 60 ~tm aperture. The FBH 
is therefore one of the few laboratories 
that has successfully mastered the A1- 
free GaInAsP/GaAs material system. 
For 800 nm wavelength, which is im- 
portant for pumping of Nd-YAG la- 
sers, currently the combination of 
A1GaAs waveguide structures with 
Al-free GaInAsP active regions yields 
the best performance. Here also 3W 
CW output power are achieved from 
60 ~tm aperture.While single BA lasers 
are needed for pumping of fibre lasers 
or micro lasers, the usual solid state la- 
ser rods or laser slabs are pumped by 1 
cm wide laser bars. In both wavelength 
regions such bars mounted to heat- 
sinks at Jenoptik Laserdiode GmbH 
or DILAS GmbH have reached output 
powers beyond 60 WWith these values 
the FBH is among the leading labs in 
the world. 
In the field of electronics the FBH 
has successfully worked on MESFET- 
based MMICs (monolithically inte- 
grated microwave circuits). MESFET 
wafers were grown in an AIX 2000 
Planetary reactor on 5 x 3" substrates 
[8]. Supported by extensive modelling 
of transport and reaction behaviour in 
this reactor type it was possible to op- 
timize the homogeneity of the A1- 
GaAs/ InGaAs/GaAs structures to 
Ax/x = + 0.5% in composition, Ad/d 
= +2% in thickness and AR/R = 
+ 1.5 % in sheet resistance. These 
structures are used to fabricate MES- 
FET based MMICs on a 0.5 I~m pro- 
cess l ine.  Us ing cop lanar  l ine 
technology, different circuit concepts 
for microwave systems up to 30 GHz 
are verified. 
Currently the focus is shifting to- 
wards HBTs where epitaxial layer 
growth and device processing on 3" 
and 4" wafers is being developed. A
growth process for GaInP/GaAs HBTs 
has been established on 2" wafers [9]. 
This process runs at a single tempera- 
ture of 600°C and uses CBr4 as a source 
for carbon doping of the base. Bring- 
ing together this expertise with that on 
multiwafer growth the development 
of HBTs on 3" and 4" substrates has 
started in an AIX 2400 reactor. 
A special strength of FBH is the 
modelling of the microwave perfor- 
mance of devices and circuits. Here 
the advanced tools available at the in- 
stitute are often used to assist indus- 
trial partners in their circuit design. 
In general the work of FBH is closely 
linked to the demand of the semicon- 
ductor industry and most research is 
carried out in collaboration with in- 
dustrial partners, These cooperations 
often do not only lead to transfer of 
know-how or results but also to deliv- 
ery of hardware ranging from epi-wa- 
fers via laser diodes and laser bars to 
MMIC-modules. 
MOVPE grown solar cells 
At HMI  (Lux-Ste iner )  MOVPE 
growth of CuGaSe2/ZnSe is investi- 
gated to develop highly efficient, low- 
toxic, stable, cost effective thin film 
solar cells based on CuGaSe and Cu- 
GaSe2/CulnSe2 tandem structures. 
These activities are part of an Eur- 
opean Project on "Wide Gap Chalco- 
pyrides for Advanced Photovoltaic 
Devices" FBH develops growth pro- 
cesses for GalnP tandem solar cells 
for space applications. This technol- 
ogy will be transferred toan industrial 
partner within a research project 
funded by the European Space 
Agency. 
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